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Foreword

Medical studies were undertaken on the stress experienced by
the cockpit crew working the short routes in Europe and a special

attempt was made to discover whether signs of a summation of stress
due to flirht work become visible during a circuit of several days.

For this purpose the pulse and respiratory rates were deter-
mined for 22 crew members as an indication of the acute stress
occurring during the flisht and the amount of "stress hormone"
excretion in the urine as an indication of the extent of total
stress in an extended study period.

The results point to a medium high stress for flying in the
cockpit of a B 737. It was also noticeable that even during the
sleeping veriods between the fli-ht assignments trere was an in-
crease in the excretion of the stress hormone. No indication was
found, however, for an increase in stress over the duration of
the circuit.
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REPORT DLR 355-74/2

THE EVALUATION OF STUDIES Of FLIGHT PuRSONNEL
O¢ THE GERMAN LUFTHANSA ON THE QUESTION O T:HE STRESS1)
DURING FLIGHTS ON THE .'HORT EUROPEAN RCUTES

K.,E, Klein, H. Brtlner, F., Kuklinski, S. Ruff and H.M. Wegmann
Institute for Fl_.ght kedicine

1. Introduction [4*

The reactions of tre human organism during flights of com-
mercial aircrait have repeatedly been the object of extensive medi-
cal stulies. 1In such cases, however, more attention was paid to
the routes with long flight times, time shifts or changes in climate
C1,3,0,13, 14, 22, 29, 30, 32, 33, 36 ].

The special type of working stress due to rultiple take-offs
and landings during one day and tne effect of repeating this stress
several times within a short veriod during a circuit of several days,
as is characteristic for a flisht assignment on tne hurovpean routes,
has hardly been the subject of medical studies up to now as far as
we know, Therefore, in the studies revorted upon here the main
enphesis was placed on the applied methods and the type of evalua-
tion on the estimation of the influence of the factors tynical for
this work. 7The aim was especially to explain within the framework
of the situation given at the place of work in such studies whether
the psychophysiological reactions of tie members of the cockpit crew
provide any indication for a summation of stress in connection with
flying during work.

¥umbers in the margin indicate pazination in the foreign text.

1)'l‘he studies were carried out as a commission of and the the
support of the German Lufthansa, These were planned, preparsd
and carried out in 1970-72 by the chairman of section 02 at that
time, Prof. . Brfner, with the cooperation of r. Kuklinski,
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II. GCxperimental Arrangzement and Methods

For this purpose measurements were taken for evaluation with
22 crew members (11 pilots and 11 copilots) from December 1971 to ‘
October 1972, divided about in half on two different circuits of \
the German Lufthansa flizht plan XB and 2D with the b 737. Nea- '
surements were carried out on tiiree days each during these circuits;
since tnree to five scheduled flizhts are carried out each day,

A T ANRNRLAS AN ML AR

physiological and biochemical data were gatnered *n this program
during a total of 124 different fli thts with just as many take-offs
and landings. Table 1 provides a survey on tne flight paths of the
two circuits.

Pulse and resvriration rate were determined continuously on each [2
flight from the time of readiness for departure (the last 5 minutes
at the terminal during flight preparations) until abcut 5 minutes
after taxiing (back to the terminal). A measuring device has been
developed for these measurements, permitting simultaneous measure-
ment of both parameters without obstructing the work of flying
for both pilot and copilot by using a nose clip for continuous re-
cording in rate per minute [ 2,311, An approximate total of 15,000
pulse rates and about as many respiration rate mcasurer .ts were
carried out with this procedure.

A
N -

Moreover, urine of both crew members was continuously collected
durin;: the entire circuit and later analyzed with known methods
[5,28] for the content of so-called stress hormones (adrenaline,
noradrenaline and corticosteroids)., Urine samples were taken in
this case in the morming immediately after arising, 15 minutes
before the ‘ rst take~off and 15 minutes after each landing, as
well ns a°~ tionally three hours after the final landing and shortly
before re¢ "~ for bed. A total of more than 700 urine samples
were ca. ~+«. =% almost 5,000 chemical analyses were carried out

conmdL AL €3 e

on t oL sanples.

It was necessary to cosnx': t.e pulse and respiration rates
in the following aru::er ' order to estimate the reaction of circu-
lation and respiratio:n duriig different phases of a flight:

2
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(a) Before take-off (from the start of measurements until 3
minutes before the machine takes off from the runway); (b) during
take-off (from 2 minutes before the take-off until € minutes after
leaving the ground); (c) during the flight; (d) during the landing
(frcm 6 minutes before landing on the ground until 2 minutes after
landing) and (e) after the landing (from 3 minutes after making
contact with the ground until 5 minutes after conclusion of taxiing).

When the vhysiological parameters are classified in phases in
the following, the number is always the arithmetic mean value of
pulse and respiration rate for the individual phase. In addition
to this classification according to flisht phase, the pulse and
respiration rates were also considered separately for the minute
of touch-down on the runway.

The excretion of stress hormones in the urine was either com-
piled for the entire day or separately for the phase of cockpit
activity and rest period at nicht. Jontrol values were compared,
gathered from a group of subjects carrying out an activity comparable
to that in the cockpit, but around the clock every three hours for
45 minutes. The procedure differed only for the periods of sleep,
as results were employed here fer a comparison with standard values,
gatnered from the crew members themselves during a sleeping period
in the night before beginning the flights, i.e. without previous
flying work. The percentual deviations from the control values
calculated for each hormone in the study were compiled to a stress
index by averaging,

rinally, statements of the crew members on weather conditionmns,
special events and the subjective perception of stress were gathered
oy means of a questionnaire, permitting an estimation of the degree
of difficulty of various flights by averaging the data,

III. Presentation of the Results

———— e

The results gained from the preliminary evaluation of the data
with the above-described methods can be described as follows.
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1., Fersonal Data of the ' ubjects

Since age and flight experience may modify the physiological
reactions during fiying, it is necessary to survey these parameters,
This information is contained in Table 2. It can be seen from the
table that in both circuits the pilots participating in the studies
were older and had more flight experience than the cupilots, as ex-
pected. On the average, the age difference was about five years
and the difference in number of hours flown corresponded to the
ratio 1:4 for all aircraft types, or 1:2.5 for the B 737 (table 2,
isft-hand portion).

However, the fact that age and number of hours flown hardly 11
differ when these are classified according to the individual acti-
vity in the cockpit at the time of our measurements (Table 2, right-
hand portion) is of greater significance for the subsequent estima-
tion of physiological changes. The reason for this may be found
in the fact that pilots and copilots had flown the machine in about
the same distribution during the flights employed in the measure-
ments., Accordingly, it cannot be expected that age and flight
experience have a substantial statistical effect on the average
vaiues of the physiological reactions.

The situation is different, however, for the variations in
the values of pulse and respiration rates at rest (also Table 2),
ascertained both between the two circuits on the whole and also
between the group of the persons involved in flight and those not
flying. In both situations, in the first case probably stemming
from different times of the day (XB; mornings, 2ZD: afternoons)
and in the second probably hased more on individual differences,
an effect on the size of the values measured later during fligzht
may be expected.

2. Pulse and Respiration Rates

The pulse and resiration rates, given for the circuit XB in
Table 3 and for the c¢circuit 24D in Table 4, is connected in a

e e s Cae s
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characteristic manner both with the various phases of a flight and
generally also with the individual work of the subjects in the
cockpit.

The highest values were found in both cases "during the landing"
and then especially in the minute of "touch-down on the runway".
For the circuit XB these average 85 to 90 beats/min and 18 to 19
breaths/min and are higher on the average of 10-15 pulse beats and
2 breaths for the circuit 2D with 95-105 beats/min and 21-22 breaths
per minute,

This difference between the circuits is probably based mainly
on tne difference in time of day of the circuits. From our studier /8
with F 104 pilots in a flight similator [15,26] » We know that both
the values at rest and the reaction of circulation and respiration
are lower in the morning than in the afternoon for an objectively
identical flying activity. Therefore, it is not necessary to assume
that the afternoon circuit, ZD, involved more stress than the circuit
XB flown in the morning solely on the basis of the differences in
rates of pulse and respiration. The statements of the crew members
about the subjective response to stress contradict such an assump-
tion, as will be discussed later.

Furthermore, it is noticeable in the comparison between the
two circuits, that the difference between actively flying and non-
flying pilots amounts to 7 beats per minute during the afternoon
circuit in the middle of the flicht and even rises to 12-17 beats
per minute for the most strenuous phase of the flight, the landing,
while there is practically no difference between flyins and non-
flying personnel on the average in the XB circuit during the morning
and the cifference even for the landing ghzse only amounts to 3-5
beats per minute.

An exvlanation for this difference is provided by the differ-
ences in the values at rest (Table 2), already memtioned in III,",
Personal Data of the Subjects., When these differences are standar-
dized by calculating the percentual increase in pulse rate during
the flight compared to the values at rest (Table 5), the increases

5



in the morning flight are still all less because of the time of
day; however, the differences in connection with flying or non-
flying persennel do become clear,

In connection with the question of a summation or accumlation
of stress over several days, it is interesting to note that pulse
and respiration rates, as well as the percentual increases of these
parameters on various days of a dircuit are very similar and cer-
tainly do not make any tendency connected to the duration of flight
work apparent.

3, Hormone Secretion 12

When the hormone secretion is compiled in the manner given in
section II on methods and a stress index calculated from the per-
centual deviations of control values, an increase in hormone secre-
tion results for both circuits in the time "during the flight",
amounting to 100 % on the average for circuit XB and 68 # for cir-
cuit ZD (Tables 6 and 7)., These changes are also found, although
to a lesser degree, in the values for the day, i.e. for the 24 hour
period with the increases here amounting to 63 % or 36 % on the
a—~erage for all flights (Tables 8 and 9). Finally, there is also
ar increase in hormone secretion during the "periods of sleep".

The increase here in comparison to the contrels is 28 % for XB
and 20 ;% for ZD, but this is relatively slight in comparison io
the two other phases (Tables 10 and 11), It is still remarkable,
that even in the rest periods between the flight work there is

an increase in hormone secretion for both circuits compared to the
amount in the night before the flights,

The relative higher rates of hormone secretion observed in
all three phases on the average for the XB is noticeable in the
comparisor. between the two circuits, The difference for the stress
index during the flizhts and in the 24 hour value amounts to about
30 5, for tne periods of sleep 8 5,

This difference can first be considered the expression for a

greater stress on the crew of the circuit XB. Illowever, the effect
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of the daily rhythm on the results cannot be disregarded in this
connection, just as in the reactions of circulation and respiration.
It was proven in studies with military pilots [7,8] , that differ-
ences in hormone secretion depending on the time of day also result
as a reaction to the stress of flying. According to the results of
these studies it must be assumed that slighter increases in » e
secretion may be expected for individual hormones after fli Js
during the afternoon (12:00 to 6:00 p.m.) and evening (6:00 u.m,

to midnight) than after flights during the morning (6:00 a.m. te
noon). The rather sli ht differences in the total secretion of
hormrones between the circuits in our studies are therefore explained,

The different distribution patterns in the reaction of the
two hormone systems corticosteriods and catecholamines (adrenaline
and noradrenaline), however, cannot be explained well by the efrect
of daily rhythm, The fact that the secretion of catecholamines
(with the exception of the"conjugated adrenaline"), above all,
increased much more in comparison with the controls for the flights
of the XB circuit than for the ZD flights (Tables 6 and 7) and a
similar difference also remains for the total secretion on one day
(Tables 8 and 9) voints more toward the greater stress index for
the XB at least partially also caused by a greater work load on
the crew, In this coinection it is also significanv to know that
according to the subjective evaluation of ihe crew 35 % of the
take-offs and landings of the XB circuit required concentration
and effort beyond the usual amount, while that was the case of
14 1§ of the time in circuit ZD,

When the stress index of individual flisht days are compared
with one another, it becomes apparent that the increase in hormone
secretion on the first flicht day in both circuits in the three
phases compiled by us, flight - 24 hours - sleep, was less marked
in conparison to the control values than on the two subsequent
days, It may then be assumed that the first day of flying is
generally less stressful than the other days. rIioreover, an in-
crease in stress can also be assumed from the difference between
the first and the second day, in contrast to the findings for cir-



& P —

b mmmnian hmeemdber % e w4 e e, e e POY R

ORIGINAL PAGE IS
OF POOR QUALITY

culation and respiration, but also an increase in the work load in
the course of the circuits. Contradicting such an assumption,
however, is the fact that the stress index demomstrates more of

a drop than a rise on the third day of both circuits; in addition,
the subjective statements on the di’ficulties occurriag on differ-
ent days of the flight do not point to such a tendency. Therefore,
it is probvably more correct to assume that the observed differences
are more accidental, insofar as the first flight day examined by
us had the lower work load in both cases, This assumption is sup-
ported by the fact that the period defined by us as the first
flight day was already the second day of flight work for a portion
of the examined crew members and higher rates of hormone secretion
were observed in this crews on the first day of work than later.
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IV, Discussion of the Results and Conclusions

Pulse and respiration r-~.¢s are physiological parameters,
reacting almost immediately to an acute load on circulation and
respiration and generally return . normal rapidiy after this
load is no longer present. Behavicr during muscular work is typi-
cal for this response.

Even without appreciable physical work, however, these para-
meters may change with a psychological-emotional stress, e.g. as
the result of increased concentra on, a greater feeling of res-
ponsibility or the subjective experience of risk witinout a corres-
ponding rise in functions in circulation and respiration, for ex-
ample because of increased need for oxygen. FPulse ana respiration
ratcs are then increased as the exvression c¢f an iuncrease in exita-
tion of the central nervous system and, in this sense, provide an
indication of the size of a psychological stress not connected with
muscular work,

The stress hormones also permit such an assumption in a simi-
lar manner, but in ccntrast to the pulse and respiration rates
these hormrnes nrovide more indication of the extent nf the total
stre=ss in the period of ‘he study instead of the short-term acute
stress, when the; are measured in urine and not in the blood. Fig.
1 .enenstrates this »oint in a characteri,tic marner, using the
example of a flighi day in our study.

When under this aspec*, the level of the rulse ra‘:a reasured
by us in the cockpit of the B 37 is now compared with ithe pulse
rates observed in other aiicraft typves and during ncen-flying work
loads (Tables 12a and 12b), the results are medium-sized changes,
on the average, but even in the maximum vaives at tne time of
highest stress during the landing. The increz3e in pulse rate or
20-35 o over the value at rest is easily comparable to the value
measured in the cockpit of @ B 707 19 onr a DO 27 [11] and is
only slizhtly more than the pulse rates observed at the wheel of
a passenger car during long trips [ 18] during intensive adminis-
tration work [ 247,
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It shonld now be clear that the estimation of the intensity
ol stress through physiological reactions is the result of the
amount of work load on a certain person. It is tnerefore obvious
that the amount of stress is modified by individuwal factors. In
this connection, the fact imust be noted, that the physiological
reactions to the same amont of external load become smaller as
experience is gained [10,11] , but also that in individual cases
reactions deviating considerably from the average may occur.

For example, it can then be understood that continususly high
pulse rates (on the order of "Extreme Individual Values" as these
are listed in the table for our studies) were measured for a 24-
year-old inexperienced copilot, who had a total of onlrs 580 flight
hours (280 in the B 737), and similar values of a 28-year-old co-
pilot with more flight experience (3770 hours flown, 370 hours in
the B 737), flying under supervisicn during the entire cirecuit,
i.e, carrying out an inspection flizht.

The determination is interesting for the cause of the reaction
of pulse and respiration rates and therefore for the type of work
load that even in the flight simulatcr very similar pulse and res-
piration values are measured, as we discovered in cockpit of the
B 737 [10,1%,267. In our opinion two conclusions may be drawn
from this:

1, Instrument flight in a simulator is "genuine" flight in /14
the asvect of demands on the individual, disregarding
the fact that a subjective feeling of risk generally is
lacking. The differnece between the pulse rates in an
F 104 simulator and military jets flizhts (no. 8 and no.
3 in Table 12) illuminate what is méant in this connection
with the influence of the feeling of risk.

2. The increase in pulse rate during routine flicht work in
the cockpit of a B 737 is caused less by a feeling of
risk, but more by the increase in concentration levels
and sense of responsibility.

10
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This becomes clear in a comparison with activities accompanied
by a large subjective experience of risk: professional racing drivers
' 271, parachutists [21,25], some helicopter maneuvers [ 20] and, as
mentioned above, flying military jet aireraft in difficult missions
112, 16 1. The pulse rates cbserved in these cases often are around
200 beats per minute, although only for a short time; on this order
of magnitude they no longer have anything in common with the pulse
rates observed in the group of comparable activities, to which fly-
ing a B 737 also belongs.

In estimating the reaction of the stress hormones, similar con-
clusions are reached, although there are fewer possibilities for
comparison here than for pulse and respiration due to a lack of
appropriate data in literature,

In especially risky activities such as car racing [27] and a
six-hour transatlantic flight with jet aircraft of the type 104,
requiring several refuelings in the air [17] , the increase in se-
cretion of catecholamines apporoaches 700 ,o (for F 104 pilces) up
to almost 20 times (for car drivers in races). In comparison, the
increases for the B 737 crew (in extreme cases on the magnitude of
180 %) are almost modest. It should not be forgotten, however,
that the two above-~mentioned examples are extreme loads and it can
be reasonably predicted that no person could be subjected to them
constantly at work, i.e. in a 5-day work for years.

Measurcments comparable to our studies have not yet heen under-
taken in civilian aeronautics, especially in relation to routine
assignmenis, In comparison, there are already some results in the
area of military application; however, these results ar: not us-
ually comp.rable directly to the situation in our study, since
they are in connection either with individual short flights of
30-45 minutes {4,23%,34,35] or with long flishis with a maximum
of one stop {7,871 &

Increases in the secretion of noradrenaline and adres:aline of
up to 200 » were observed after short fli jhts, which were not combat

"
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assignments, but rather training flishts, 1In the case of long mili-
tary flights, a differentiation must first be made between transport
aircraft and combat aircraft. In routine assignments of{ transport
aircraft there may be increases in the hormone secretion in the
crews, comparatle to the values we ascertained, but some are also
considerably atove our values (adrenaline up to 320 %, noradrena-
line and corticoids up to 200 %). Flights with combat aircraft
(flizht times ol 6 or more hours) generally led to higher rates

of hormone secretion, amounting up to the above-mentioned 700 %,
depending on the degree of difficulty [17 1.

Especially interesting in this connection are studies carried
out with air traffic controllers (9] . 2ifter a shift of seven
hoars - a period of time approximately in agreement with the flight
working times studied by us - increases in hormone secretion up to
400 3 were found, i.e. 2.2 times higher than the levels we observed
in the present study.

In sumnmary, the conclusion can also be reached on the basis
of the rates of hormone secretion that fli:ht work on the B 737
revresents a medium orofessional work load. Also, no evidence
was found here that carrying out this work for several days during
a circuit systematically alters the physiological criteria measured
by us in the direction of increasinc stress,

The fact that the rate of hormome secretion during the circuit
also stays high during the night mayv result from a slow reduction
in the raized level of activity during the day, or a raised level
of activity of this system may even continue durings the ni:zht in
comparison to the behavior before the flights. Further studies
are necessary to find an answer for this question,

In the same connection, however, it scems neccssary for us to
point out that the hormone secretion in the ni:ht before beginning
the circuit was in good agreement with the values of the control
¢gcroup.,  The rest periods at home therefore apparently lead to
sufficient relaxation,

12
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ORIGINAL PAGE IS
OF POOR QUALITY

Key for Table 2, page 18: a, Divided according to rank

b. Divided according to activity
¢. circuit

age e. total hours flown on a B 737

at rest g. pulse

respiration i. actively flying personnel
non-flying k. all personnel

personnel

Table 2: Age, hours flown and physiological values at

rest for the crew members participating in
the studies (average values: age in years,
pulse and respiration rate/min).

Key for Table 3, page 20: a. Average for the flight phases indicated

f.
h,

Je
1,

0.

Key for

o.

P

(beats or breaths/min)
b. Average for all flights on one day
c. Before take-olf
During take-off e, While travelling
During the landing g. after landing

total average i, During touch-down

day k. actively flying personnel
non-flying m, total average

personnel

maximum individual values

Table 3: Pulse and Respiration for Cockpit Crew Members
on the Short Buropean Routes.

Circuit XB

Table 4, page 21: Same as Key for Table 3 (above)
with two exceptions

Tavle 4: Pulse and Respiration for Cockpit Crew lembers
on the Short European Routes
Circuit 7D

Flight Phase

19



. . " o e, R U u.ﬁ.. S i P e . o .. ; . ... ..... we e oo ”.:_ T TR - .
R W et T T [ DouvRew a0g 61 eBed 295 . ax Jnsiup
“ M.oxoo&.nubé :o:.oa..msno..nzo .Huoo .usc.,naocoﬂwﬁsum::uacnom..ﬁ&_.ccc 12q uszguenbaagusay pun ~stnd € atL
A . R e : ‘ - _ .0
- mﬂr e .. . .... . - ... . ' - . . . - . @w.bv
- e e . D o : ] .. [} ¢ .. [ . 4 ¢ ¢
W Sl eetke BT cee €fne 5'02 G'¢e 822  _upg a3s
M u . . . . “ °u
£
mm ; o.w.a w.mﬁ. 6°HT | 9°91 géat 991 GGt 12
20 s _ 9 o AU
% u . . .
. ° ) R . -
€9y  L'st. &St 143 . g'6r. . 0'6T  8'St 261 6°G3 Gt _oT1sa
. . . - OH
6°8T ‘91 6°nt Rélt G‘qt IR 9¢Gt om%ou
0f 921 G'GTT. O0°LTT  hfeer GgLt 1‘get o‘gll 33

-utd 233t
‘u

g'6L 2'6L n'6L  s'g . G'6L n'6L  n'es G*gl 26l  6'LL Lo

6‘n8 9°6L  0°09 g‘og g‘gl G¢6L 6°gL

. _ (55 -
1°06 6L "L'sl 6°¢8 T¢gl 6°gL gl opuaLs

€ = z. h = N G = N uszieeiny TI939TH gunpue] Junpuuvy Ingjasisy 3ae3s .
derce L' Felc't puaayryM ; Iwesag .y UIBN-g puaaygp y DPUIURN puaaugpP? aaeas aop?

so3e], .SOULD (UTwyddn2ud3y °*M2q 29RTUOS)
2JpTd 9TIT AN TIIITH ‘q uageyddnid uauaqadadue 3P I 19331 ®

20

Wity WY

s am R



[ .

rlcl!.ll o .r‘!u.,x.'o..r.“ ' t, <v-. .t.&.... - (.ss T ., Az.... : ftttu}hui i w.(‘z,,.l‘,,.,.qa.. 2 r».. r.b.”rw.:— r.ﬂivr»»is! L. nf‘ - . N |
o B T LD U " fsy. &u3 6| esed ssg . 02 JneTun N M
..xounmnu.&é :m:o.u_.mwa &...o _ovi .3«.:.umuoﬁwu«Emmnsuuamum..p.mnxooo 12Q uazusanbaajwaly pun -sInd 4 °Tlvqey, _w
‘ P . “ P . e - . . . e, - . .o
. . . 9jaoMTOZ
. . o‘z¢ :  9‘te .. o‘me  6°SE 6°ne sf¢ee Th2  _upg ossudgml’ |
- . . . . N ) . . . .,—.M , .
— : . 3
' ’ T933TN
A h'gr  6°LT 6°02 - 6°LT . 9°9T. 6°8T 0°g? 6°9% 1.1 us.w%oi
.ﬂEﬂU : o : h ; . ‘ on:owm
o 66t - SLt  2'9r. 6°Lt IANAA g8t ceLt ~9TTJUOIN |
AU ¢ . - ’ OH m
oo .
=t A . M
28 6tz u'el 6°9T 667 ) L61 6°91 %Euﬂmzm
O o . -
% -
| ¢ ‘ P 09404192
0°geT 201t S9°h1T 092t 0‘got n*LlOT 0'60T  _ugy oasyz
¢ ¢ ‘ To33 T
Tel8 telg €998 696 g9  &°ls 816 6°98 6°n8g 1°¢8 WSSy
. cs
) (49 = :w
¢ ¢ ¢ ¢ ¢ St ‘6L opuo.
6°L8 1°¢8 i’ u8 6°48 2‘ug 8 9 SartsagRT
. e . (69 = N)
050t h‘o6 606 1°L6 968 €98 998 apuaBILTI

o= N h = N h = N uozjasyny T9IITN Sunpue] Junpue] 3nygastoy 1Je18 rav3s 20 e sudInTa
. .. y 3 ov uad . uaay PUBJIYURM p 3IT3S A* O 2yd:
mn:” ¢ mmu..n 2 wm.f.. 1 ucmazm} ques on YoeNg DPUSJIURM. ¢ p FM 5 p 3
sadey, sauId 4 (utw/o3nzway °Mzq o311Yos)
dptd 2TTe J4pJ TI33TW 4 uaseyddnt, UsuaqdJodur 21p JINJ 1993TW *°®

»

N AR 1S AT O S T ¢

-

- -
S ‘ N .:Pﬂ
v . it PR “ L PPN , - K



gy -

. e v— e o ey . IR wouer e . 3 d
o e T e T reytang gz aei- gog U7 PUR X FmeTun
A :upuwcﬁ ﬁouh»unh:& :msoo.muao.nso amc 5:@ :aovm.m.nm»gmwcsuaunomu»ﬁ&_ooo .non uazusnbaaJsing S mﬁop

.

-

Loy . . . - . . T 04J3MTO
77 o%6LT v gTen €Ly S°€9 T°0% 2°g¢ €t _upa 030409
. . - . - ' . 3113
9'0z L0z  6°6T , @'fE oz - €£fte  sl2 602 L*LT 2est Sugos.
Sm s !
[ | . : 4 S . . afuu
mm. L¢e. -~ 6'9T  L'gr gloe G‘et Loht 6°11 -oTLIAaT
-l o
mo t
) mw . .-.&'€w  ..6%'te . Lfte. Leeg rtee 902 8 ut apusigml
66 . . - ) az Jnwou
d
. AT Léeg 8°g¢ Lty 1°9¢ 8 hn 6°6¢  _uty qu
u
€y ¢ ¢ ) ¢ ¢ ¢ ¢ ¢ s 19137
9Lt G‘St 601 G'ge got 9%yt o‘te ¢far .m 91 héut g
¢ ¢ ¢ P ¢ ¢ ¢ opuz |
S ne €°gT héLlt 2fae G9t LeLY 9'nt Scmwwﬁ

: uszqasyny T933TW SBunpueq 33unpue] INTJasTay qae38 ax Jneru
mm.# .n wmsn..m mmam..n u:m.usmzau—__ammcssowzm vcm.uzmzmvcopzmzov:oasnzcupaawno,& M

sade], SIUTd (s93a3mMayny s0p ¢ Ul Junaadrajs)
.23pTd OTIT InJ T239TW °q uaseydInt.l :m:onuuomcm atp anJ T934TN'e
&
.- i
RS B ana s e PP 4 et e T8 C C T e el

- . B - - PR
[ . P ooy~ i o, v



v

S R ]

- U e T BTN ST v | C

< b

Key for Table 5, page 22: a, Average for the flight phases inaicated ¥

b. Average for all flichts on one day

c. Before take-off i, Durir touch-down

d. During take-off j. day

e, While travelling k. actively flying personnel .
f. During the landing 1. non-flying personnel '
g. After landing m., totai averaye

h, Total average n, maximum individual values !

o. Table 5: Pulse Rates for Cockpit Crew Members on the Short

p. circuit

Key for Table 6, page 24:

a,.
b.
C.
da.
e,
f.
i.

PRRSPE SRV .

(increase ian % of value &t rest) .

European Routes (data in %)
Circuits XB and 7D

R

Data on amount in micrograms/hour

Increase in comparison to contrel group in %

day

unconjugated g. noradrena.ine

conjugated h, average

adrenaline 5
Table 6: The Hormone Secretion during the Flights and the

Percentual Increase in Comparison to the Control
Gren (N = 10),

Circuit XB

Key for Table 7, page 25: Same as Key for Table 6 page 24 (above)

i.

with one exception -

Table 7: The Hormone Secretion during the Flights and the
Percentual Increase in Comparison to the Control
Group (N = 12),

Circuit 7D
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Key for
a,
b,
C.
d.

Key for

Table 8, page ?6:
Data on amount in micrograms/hour

Increase in comparison to control group im °

day
unconjugated
conjugated
adrenaline
noradrenaline
average

Table 8: Hormone Secreticn per Day and the Fercentual
Increase in Comparison to the Control Group for

Cockpit Crew Members on
Routes (N = 10),.

Circuit XB

the Short European

Table 9, page 28: same as for Table 8, page 26 (above)
with one exception

Hormone Secretion per Day and the Percentual

Increase in Comparisen to the Control Group for
Cockpit Crew Members on the Short European

i. Table 9:
Routes (N = 12),
Circuit ZD
Key tor Tabie 10, page 29:
a, Data on amount in micrograms/hour
b. Percentual increase in comparison
the flights
c. Before flying g
d. After first {light day h.,
e, After second flight day i.
f. unconjugated Jo

to sleep periods before

conjusated
adrenaline
noradrenaline
average

k. Table 10: Hormone Secretion durirg the Periods of Sleep
after the firat and second flight day and the
percentual increase in comparison to periods of
sleep before the flights (N = 10),

Circuit XB

27
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Table 11, page 30:
Data on amount in micrograms/hour

Percentual increase in comparison to sleep periods berlore
the flights

Before flying g. conjugated
After first flight day h, adrenaline
After second flight day i. noradrenaline
unconjugated je average

Table 11: Hormone Secretion during the Periods of Sleep
after the firet and second flight day and the
percentual increase in comparison to the periods
before the flights (N = 12).
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. ORIGINAL PAGE 18
OF POOR QUAL

Duls;rsnuaﬂzeﬁ/mln

absolut

in &

3 CGruppenmittel 4 Extreme Ein- 5Au..orer1
zelverte
absolut in &

_ 6 Fliezen / Piloten

71. DLHA-T737
9 vormittags -(XB):
1oCesamtflug - 79
14Landeanflug 8y

12Min. d. Aufsetzens = 90 .

13nachmittags (ZD): .
10Gesanmtflug .. - 90

- 11Landeanflug - ° - 97 .
105 -

1Min. d. Aufsetzens

2. BOAC-707
11Landeanflug:

Delhi 90
105

Frankfurt
14Unmittelb. b. Aufsetzen:
Delhi ' :
Frankfurt

pilitdr-Jet .
17 Ausbildungsfliige:
18 Gesamt-Start :
19 Gesamt-Landung -
Trafflc-Pattern
Gunnery 123
204, Kilitér-Jet
21 Bombenfliige:
22 Beim Bombenverfen 113
10 Gesamtflug . - 95

5. Do 27
23 Start oder Landung

24 6. Hubschrauber:

25 Rollstart ,

26 Rollandung '

27 Senkrechtstart

28 senkrechtlandung

29 ‘- Autorotation 360
30mit

31 ohnefPOVeT recovery

i 24 7. Hudschrauber

32 (Fluglehrer):
10 Gesamtflug 92

=33 auqd >%
Prozentzahlen als Steigerung

DU Y L N

130
140

.18 .

25

24

33

By

15 . Sl S :__-5h::_,
5Emzelwerte, S

-60

60 .

36

76 -

20-30

. .. 30
40
50

67
138
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Key for Table 12a, page 32:

1.

2,

3.

4,

5.

6.

7.

8.

9.
10,
1.
12,
13.
14,
15.
16.
17.
18,
19.
20,
21,
22,
23.
24.
25.
26.
27.
28.
29.
32.
33.
34.

L

Pulse rate/min
activity
group average - absolute value in %

extreme individual value - absolute value in %

authors

flying/pilots

German Iufthansa B 737
our own report

in the morning

total flight

approach

minute of touch-down

in the afterroon
immediately after landing
individual values
military jet

training flights

total - take-off

total - lianding
military jet

bombing missions

when releasing the bombs
take-off or landing
helicopter

rolling start
rolling landing
vertical take-off
vertical landing
autorotation
flight instructor

30. with power recovery

31, without

percentages as increase in relation to the value at rest

Table 12a: Pulse Rate in various Aircraft
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1, Pulsfrequenz/min > e
BN oF POOR QUALITY S
" zqg;i;keit 3Grup;enmi§tel 4Extreme Ein- 5Autoren
2osolut 1in 5 zelwerte

absolut in %

6 =1uqimulator

—

7 6. F 104-Instrumentenflug

9vormittags:
1obesamtflug 83
1inachmitiags:

. 106esamt flug 89

12 9. Simulator
13 Egiamotorig -Instruman-
tenflug
14 Anflug, Middle Marker 93

45 Fallschirmspringen

PRYPICLEY B TE S

1610. Springer m. grofer Er-

fahrung:
] 17 Freier Fall 166
i 418 8ffnen 179
4 49  Landen 163
1 - 20 11. Springer ohne Erfah-
- rung:
-- 18 Uffnen

A

29 ¥rzftfahren

2212. PKil-Langstrecke

2%13. Berufsrennfahren:
24 Letzte Min. v. Start 180
25 Wéhrend Rennen

26 Arndere
271“. Gleiche Personen wie
bai 7:
o8 Verwaltungssarbeit 87
29 Kraftfahren 86
z0 Essen 90

34 ?rozentzahlen als Steigerung
gegeriiber dem Ruhewert.

19
2.

10-20

102
116

220

110

200

108
110
115

8 Eigene, 1968
(Kroll, 1972; Ste’
hoff, 1972)

. Hasbrook,ef al., 1

Shane, 1968 - -

Reid et al., 1970

Meyer, 1969 ‘

Taggart; zit. n. P
aureum, Boehringer

Shane, 1967 .

See following page for Key.

34322359113_1g§. Pulsfrequenzen bei verschiedenen T¥tigkeiten. .
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1.
12,
13,

14,
15.
16.

17.
18.
19.
20,

31.

32,

Table 12b, page 34:
Pulse rate/min
Activity

Group average -~ absolute value in %
Extreme individuwal value - absolute value in %

authors

flight simulator

F 104 instrument flight
our own report

in the morning

total flight

in the afternson
simalator

single-engine aircraft
instrument flight

approach
parachuting

parachutist with much
experience

free fall
orening the parachute
landing

parachutist without
experience

21,
22,

23,
24,
25.
26.
27.
28.
29.
30.

car drivers

long-distance trip in a
passenger car

professional racing drivers
last minute before the start
during the race

others

Same persons as under 7
administration work

driving a car

eating

percentages as the increase in relation to the value

at rest
Table 12b:

Pulse rates during various activities.
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